Background: Dose assessment using proper dosimeters is especially important
Investigation of the Entrance Surface Dose and Dose to Different Organs in Lumbar Spine Imaging
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Introduction
A ccurate knowledge of the entrance surface dose (ESD) of the patients undergoing diagnostic radiology, as a part of quality control and quality assurance programs in medical programs, would be helpful in optimization of the patient protection and setting standards of good practice worldwide. Different investigations have been performed on the measurement of the ESD or organ dose in radiology [1] [2] [3] [4] [5] [6] .
Risk assessment is not possible without the mean absorbed doses to organs. The International Commission of Radiation Protection has recommended the dose measurement in sensitive organs, for stochastic radiation effects [7] .
Lumbar spine imaging is a common radiology procedure which is usually requested in several views. Therefore the optimization of patient protection and justification of radiography techniques are necessary to lessen the need to repeat the imaging process, and decreasing the dose to patients. The ESD or organ dose measurements in lumbar spine x-ray imaging in AP and lateral views have been the subject of numerous studies [8, 9] .
Thermoluminescence dosimetry has been the method of choice of different investigators for dose measurement in clinical practices with low energy X-ray imaging [2, [10] [11] [12] .
Thermoluminescence dosimetry using standard TLD-100 is known as an effective means for dose measurement in medical exposures. In addition, the tissue equivalent GR-200 has been found to be an ideal dosimeter in environmental and medical dosimetry.
The aim of this study is to investigate the entrance surface dose (ESD) for the patients undergoing lumbar spine imaging using two kinds of thermoluminescence dosimeters (LiF: Mg, Ti, and LiF: Mg, Cu, P). Finally, the ESD and the absorbed doses to different organs were measured by TLD-100 chips inside the Alderson RANDO phantom.
Materials and Methods

Thermoluminescence dosimetry
The Entrance Skin Dose (ESD) of the patients undergoing lumbar spine imaging were measured using Li-F Thermoluminescence dosimeters (LiF: Mg, Ti, and LiF: Mg, Cu, P chips).
Each TLD100 cubical chip used in this study has a dimension of about 3*3*1 mm 3 , while each cylindrical GR-200 chip has a diameter of 4 mm with 1mm thickness.
The chips were annealed using standard procedures (see table 1) [6, 13] . The irradiated TLDs were read using a Harshaw Model 4500 TLD reader (Harshaw, Bicron USA). Each kind of TLD chip was read out by a special time temperature profile (TTP). The TTPs used in this study for reading out the TLD-100, and GR-200 dosimeters are found in 
Where R corrected is the corrected response of the TLD chips, R chip is the TLD reading (in nc), R bg is the average of the readings of the chips used for background measurement, and the ECC is the Element Correction Coefficient of each chip or the pre-determined chip factors. 
TLD-100
Preheat
Time (sec) 13.33
GR-200
Time (sec) 13
To determine the ECC factor of each chip, all TLD chips were exposed to a specific amount of dose, and then the ECCs were obtained by dividing the average value of the readings by the reading of each TLD. The R corrected values were then converted to the dose (mGy) using the calibration curves. To obtain the calibration curves, thin, dark plastic covers were prepared to accommodate three chips, these pockets were then exposed to different amounts of doses and the calibration curve was drawn. Two calibration curves were drawn for TLD-100, and GR-200 dosimeters separately. The two curves were then used for derive the dose values (mGy) from the corrected readings R corrected (in nc).
Patient dosimetry
To obtain the ESD of the patients undergoing lumbar spine imaging, the tissue equivalent pockets including annealed TLD chips were put at the surface of their body. The ESD values were obtained for 16 patients in two of the biggest radiology sections of Shiraz city in Iran. The results of dosimetry obtained by TLD-100 chips were compared with those obtained by GR-200.
Dose measurements using Alderson Rando Phantom
The Alderson Rando phantom
The Alderson Rando Phantom was used in this study for Entrance Skin Dose (ESD) and organ dose measurements using thermoluminescence dosimetry. This phantom contains lung, natural human skeleton embedded in a tissue equivalent urethane rubber. It contains horizontal slabs; each contains a matrix of holes, 5mm in diameter, filled with removable wax plug.
Dose measurements
To measure the ESD and organ doses in lumbar spine imaging, the Rando phantom was exposed to the x-ray produced by different radiography techniques. The wax plugs in some slabs, containing uterus, kidney, and spine, were removed to accommodate the plugs containing TLD-100 chips for measurement of organ doses. The TLD-100 chips were inserted in different slabs of the phantom inside the kidney, uterus, and tissue around the spine and then the phantom was exposed to X-ray radiation for lumbar spine imaging.
For the purpose of ESD measurements, each three annealed TLD-100 chips, with approximately similar ECC values, were put in a dark, thin plastic pocket. Each time the phantom was exposed to radiation for lumbar spine imaging, one of the pockets was put on the phantom surface, and finally the average of the doses of the three chips was used as the ESD. To compare the response of GR-200 TLD chips with TLD-100 chips, the measurements of ESD were repeated using the GR-200. This time the RTI SoliDose model 400 instrument was used for active measurement of the entrance surface dose, the probe of this instrument was placed in the same position as the thermoluminescence dosimeters to measure the dose in each imaging process.
Results and Discussions
TLD calibration curves
The calibration curves of TLD-100 and GR-200 dosimeters show that responses of both of the TLD types are linear. The sensitivity (nc per unit dose) of each TLD type can be obtained according to the following relationship.
mGy The calibration curve gradient nc
The results indicate that the sensitivity of the GR-200 chips 1 ( 500) 0.002 = is much more than that of TLD-100 1 ( 7.04) 0.142 = .
The results of patient dosimetry ESD was measured by putting the TLD-100 and GR-200 chips on the surface of the RANDO phantom. Table 4 www.jbpe.org
Absorbed doses to different organs
The minimum, maximum, and average absorbed doses to each organ, measured by TLD-100 dosimeter, in 2, 4, and 5 view imaging are shown in table 6.
Uncertainty analysis of TL dosimetry
The uncertainty analysis for TLD-100 and GR-200 dosimetries is shown in tables 7 and 8 respectively. As can be seen from the tables, the quadrature combination of statistical un- certainties (type A) due to repetitive TLD measurements is found to be 5%, and 4% for TLD-100 and GR-200 respectively. Thus the total uncertainties for these dosimeters are calculated as 7.14%, and 6.48% respectively.
Comparison with the previous investigations
The results shown in table 5 were used to obtain the dose per view in the images with several views. The results of table 4 were also used to obtain the dose per view in different projections (AP or Lateral). Table 9 compares the results obtained in this study with the results of other investigations.
Conclusion
The measurements of entrance surface dose (ESD) and the organ dose in lumbar spine im- 
